Abstract: This paper was originally written as a term paper for a master's-level course on information technologies and socio-economic development. It seeks to serve as a very brief and broad introduction to two primary topics -1) ICTD (ICT for development) theory and 2) grassroots technologies used to expand and improve ICT ecosystems -regarding the rural digital divide. It was presented at
Introduction
Information and communication technologies (ICTs), including telecommunications, the Internet, and related software and hardware, are quickly forming the de-facto tool sets people use to receive and transmit data. For this reason, connectivity is beginning to be popularly conceived as more than just a luxury for the developed world. However, for a variety of reasons, many governments have not made significant headway in granting their citizens access to high-quality, reliable Internet connectivity that other parts of the world have enjoyed for decades. There is a growing "pro-poor approach" (James 2008) in the ICT for development (ICTD) field which takes government, network providers, and donor agencies out of the equation and puts citizens at the front and centre of their own realities in surpassing restrictive legislation, market inefficiencies, or technical roadblocks in attaining ICT access. A variety of grassroots technologies such as white spaces, WiFi, and mesh networks, are already filling the gaps to expand and improve ICT ecosystems in developing country environments. This paper will introduce community-driven and other bottom-up efforts to provide marginalized communities with access to ICTs. The significance of these methods will be contextualized in light of outstanding connectivity issues and within the broader debates of (1) the role of ICT as a proxy for development and, more deeply, (2) ICT access as a human entitlement, namely in comparison with other important capabilities, such as health and education.
The Role of ICTs in Development & Introduction to Community-Driven Models of Connectedness

Literature Review: ICT Access as a Conduit for Development and a Basic Capability
The links between technology and socio-economic development have been critically examined in information systems (IS), economics, and development literature over the past fifteen years (Avgerou 2008 & 2003 , Braga 1998 , Heeks 1999 , Madon 2000 , Mansell & Wehn 1998 . As Gigler (2011) notes, most of this literature assumes a direct relationship between ICT and development. However, as Gigler also writes, there are critics of this rationale who more pessimistically argue that ICTs actually increase the divide between the virtual "have" and "have-nots", thereby exasperating the socioeconomic plight of lower-income citizens in developing countries (Gumucio 2001 , Wade 2002 . Castells (1998) warns of the "black holes of informational capitalism", which he describes as "areas of social exclusion that can be marginalized and the system doesn't suffer at all… If you are outside the network, in other words, you don't even exist" (Ogilvy 1998) . People are not able to participate in this "network society" unless the minimum ICT and educational infrastructure is in place (Castells 1996 (Castells , 1998 (Gigler 2011) . Here, Gigler distinguishes between ICT capabilities and "informational capabilities" -the latter signifying the possibility for an individual to transform access to ICTs (the "entitlement") through her "informational capital" (assets at a person's disposal) into real opportunities that she can use in her society to achieve those things that she values being or doing (Gigler 2011) .
Within another line of thought, classified broadly as the "right to information" (RTI), the debate of "entitlements" within the so-called information movement is discussed from multiple points of view (Thomas 2009 , Garnham 1997 , Sen 1985 . As Kenny (2000) notes, one of a myriad of causes for rural poverty can be linked directly to "information poverty," or the barriers -both physical and intangible -to information that could be used to increase earnings. Along these lines, authors, such as Kenny, have focused on the costs of Internet service provision and need for increased telecommunications liberation coupled with targeted subsidies to local providers (Kenny 2000 , Bhuiyan & Alam 2004 . Thomas (2009) , however, underscores the importance of evaluating this RTI within a more nuanced perspective. He defines it in a developing country context, specifically India, as being equivalent to a basic right such as food security, basic infrastructure, employment, and health -that is, an entitlement -which is distinct from "Western" perspectives on RTI that compare it with freedoms of expression and the press (Thomas 2009). Furthermore, RTI and the provision of information improves the "quality of being a citizen", enhances transparency and accountability, empowers people, and was proven to make a difference in the lives of those studied (Thomas 2009 ). However, Thomas emphasizes that for any given technical artefact to have a truly meaningful and "life-enhancing" effect on the lives of the poor, it must be enacted within the lens of its consideration as a basic need by a particular community. Once this entitlement is established, then access to information via technology becomes paramount (Thomas 2009 ).
Community-Driven Models of Connectedness
According to the Alliance for Affordable Internet (A4AI), three-fifths of the global population is disconnected from the Internet (Alliance for Affordable Internet [A4AI] 2013), intensifying both the physical and social costs of access, or lack thereof, for the marginalized. Through their study of people living on under two dollars per day in 46 developing and emerging countries, A4AI found that the cost of entry-level broadband for these two billion people averages at about 40% of monthly income and can range as high as 80-100% of income (A4AI 2013). The fact is that neither the private nor public sectors are making sufficient investments to connect these remote areas (A4AI 2013). It is in light of this problem that community-driven models have emerged.
To fill this gap, ICTD scholars have proposed various technologies that can be implemented at the community-level (see Appendix). For the purposes of this paper, community-driven models of connectedness refers to technological deployments that are initiated and maintained, for the most part, by communities themselves, rather than telecommunication cooperatives, governments, or private sector players (James 2008) . As James (2008) notes, different "modalities" for involvement (i.e., levels of planning and leadership) can form through various governance structures, ranging from more hierarchical to those which are more consultative and locally-traditional (James 2008) . Varying levels of investment, technical and non-technical support, and governing rights from donors or investors can also exist, but "community-led" deployments generally grant at least a majority of autonomy to the communities in which they are implemented.
As Butler et al. (2013) note, it was historically common for many regions in the developing world to be connected to the Internet via costly VSAT antennas. The possibilities of faster connection through the new submarine fibre optic technology of the past few years were tempered by the difficulties associated with rolling out completely new telecommunication infrastructures for entire countries and especially to remote villages. Although, as Butler et al. advise, fibre optic connections should be the preferred strategy, its high costs make it an impractical solution in some regions. As such, wireless links from access points i.e., towers dispersed throughout larger areas could serve as an alternative (Butler et al. 2013 ). However, this method's main costs lie not in the wireless equipment, but in associated costs, such as tower construction and lightning protection. Its speed can also not compare with that of the optical fibre. Fortunately, today, there exists the possibilities of increased geographical reach, high-speed data links, and lower resource costs through the wireless networking technology domain (Butler et al. 2013 Furthermore, all revenue generated is managed by a non-profit cooperative made up of local Tribal Authority members and which is explicitly dedicated to operating the network in the community's interests. The sustainable, community-driven ICT deployment has also led to reported improvements in community solidarity and citizen empowerment . This is just one example of one type of technology that fits within the community-led model. For descriptions and case studies of other related technologies such as white spaces, WLAN, and community clouds, reference the Appendix of this paper.
In light of the development perspectives discussed, this alternative approach invokes most strongly Thomas's concept of entitlements. That is, the technical artefact is only meaningful when it is viewed as a basic need or right by the community itself. Once a community reaches a consensus on this idea, then attaining that technology becomes pivotal. For example, the "mobile revolution" and its inherent possibilities touted so highly by the IT community means little if these devices cannot access mobile or (and, arguably, more important) WiFi networks to make them more than disconnected handsets (Song 2014) . The unequivocality of this view of access as an entitlement cannot be contested if community actors initiate (for example, the Nyandeni Local Municipality with the financial support of a nearby university), maintain (local technicians), and manage (Tribal Authority cooperative) the process. Although in the Mankosi Mesh project the Nyandeni community was able to achieve economic selfsustainability, this is not a precondition of successful models. Other actors such as governments, private investors, or NGOs can offer technical and non-technical support, when necessary. The distinguishing factor is, instead, the degree of the project's local autonomy. Within ICTD theory, community-driven models can serve as both a justification for and reasonable response to the "right to information" movement.
Limitations
The field of "do-it-yourself" networking is extensively covered (see Appendix). As a brief introduction to community-driven models of connectedness, this paper cannot explore considerations for and consequences of related implementations. The financial, regulatory, social, and technical factors to consider in the design and development of such technologies are detailed in Butler et al. 2013 .
Additionally, each deployment context is unique i.e., in the community needs, desires, capabilities, geography, demographics, government, etc. Therefore, the specific technology chosen to meet the specific need is highly dependent on the context, and the related financial, regulatory, social, and technical considerations would be dependent on the individual situation. To even generalize some of these issues would require an expanded research effort.
Another limitation of the paper is that it does not necessarily consider the limited bandwidth caused by scarcity that lower-income people may experience. The distraction of living with too little, sometimes known as "tunnelling" or the "bandwidth tax", with the intense focus on making ends meet can ultimately affect the ability of people with limited resources to make arguably "sound" or "logical" decisions, such as determining what capabilities are most important to them. However, possible solutions to this tend to strike a worryingly paternalistic note.
Future Research Directions
Many of the following themes have been covered in the existing literature, but leave room for researchers to theoretically and empirically study further. Related areas of research that would be worthwhile to explore include:
1. The importance of ICT literacy and training, including how communities:  attain the skills to execute and maintain technically-complex deployments  understand how to utilize newfound connections to lead to enriching personal and communal socio-economic outcomes 2. Micro-level analysis of reasons for lack of ICT availability and affordability in different regions 3. Comparisons of community-driven deployments on the "autonomy spectrum" and the consequences of their varying dependencies on extra-community actors 4. Security, legal, and privacy concerns 5. Grassroots technologies' effects on the commercial telecommunications landscape 6. Access and affordability issues in urban environments 7. The niche of "do-it-yourself" literature -with its own philosophy and conceptual frameworkswithin this context and greater ICTD theory
Conclusion
The purpose of community-driven ICT deployments is, fundamentally, to give citizens stakes in their communities' information infrastructures and, simultaneously, encourage progressive action on the wider, governmental, regulatory, and commercial levels to increase the reach, availability, and affordability of network connectivity (Butler et al. 2013 ). This bottom-up approach serves to combat the sometimes marginalized role of technology in social science literature. By exploring "connectedness" more deeply, not from a neo-liberal angle, but within the context of the RTI movement, we see how technology can empower citizens if, and only if, they deem it as an entitlement within their individual contexts. Again, the idea of ICT access must not be overlooked, as the technological infrastructure must be in place to make possible any of the potential positive effects technology can bring to communities, such as those demonstrated in this paper. By providing disconnected communities with the tools to begin to fill the ICT gaps left by the public and private sectors, they can decide for themselves whether or not this access is important to them, so the rest us do not have to.
